Background/Aims: Literature on the safety of endoscopic retrograde cholangiopancreatography (ERCP) in elderly patients is divided. Based on this we decided to examine the safety of ERCP in nonagenarian patients. Methods: A total of 1,389 patients, with a mean age of 63.94±19.62 years, underwent ERCP during the study period. There were 74 patients aged 90 years or older with a mean age of 92.07±1.8. Logistic regression showed that nonagenarian patients had a significantly increased odds of in-patient mortality (adjusted odds ratio [AOR]=9.6; 95% confidence interval [CI]=4, 23; p≤0.001). Charlson Comorbidity Index (CCI) ≥2 was also an independent predictor of in-patient mortality (AOR=2.4; 95% CI=1.2, 5.2; p=0.021). Age ≥90 was not associated with increased adverse events; however emergency procedures (AOR=2.4; 95% CI=1.5, 4; p<0.001) and CCI ≥2 (AOR=2.6; 95% CI=1.7, 4.0; p<0.001) were more likely to have adverse events. Conclusions: Age ≥90 and CCI ≥2 are independently associated with increased odds of in-patient mortality in patients undergoing ERCP, whereas emergency procedures and CCI ≥2 are associated with an increased adverse event rate. Caution must be exercised when considering ERCP in patients aged ≥90 years and those with a CCI ≥2. Clin Endosc 2018;51:375-380
INtRoduCtIoN
As the average life expectancy in the United States continues to rise, 1 we expect to see an increase in the number of elderly patients with biliary pathology. 2 Endoscopic retrograde cholangiopancreatography (ERCP) is an effective diagnostic and therapeutic procedure for patients with biliary obstruction. In the aging population, ERCP has been advocated as a therapeutic intervention in a variety of pancreato-biliary disorders in lieu of surgery. 3 However, the procedure is not without risk. In the general population, ERCP is associated with a procedure-related mortality between 0.3% and 0.5% and an adverse event rate ranging from 5% to 10%. 2, [4] [5] [6] Extrapolating from this data, ERCPs are being performed on increasingly older patients with little data regarding their safety in geriatric populations. Limited by small patient pools, data on the safety of ERCP in elderly patients is divided. Based on this we decided to evaluate the safety of ERCP in nonagenarian patients at our institution.
MAtERIAlS ANd MEthodS
After approval by the institutional review board, a retrospective chart review of patients undergoing ERCP at our institution was carried out. All patients undergoing primary diagnostic/therapeutic ERCP between January 1, 2012 and December 31, 2016 were abstracted. Patients undergoing follow-up ERCP for stent removal were excluded. The patients were divided into two groups based on their age (group 1 included patients aged 90 years and above; and group 2 included those aged between 18 and 89 years). The charts were reviewed for the presence of comorbidities, indications, procedure time, adverse events, and outcomes. Comorbidities were weighted using the Charlson Comorbidity Index (CCI). An arbitrary cutoff of CCI ≥2 was used to stratify the patients based on their comorbidities.
Indications were grouped into biliary stone disease (including choledocholithiasis and biliary pancreatitis), cholangitis, and abnormal imaging/tumors (including patients with known or suspected malignancy). Adverse events were grouped into major and minor. Major adverse events included bleeding requiring blood transfusions or interventions, mucosal injuries, perforations, cardio-pulmonary events, and procedure-related mortality. Minor adverse events included minor post-procedural bleeding evidenced by a drop in hemoglobin (not requiring transfusion or intervention), post-ERCP pancreatitis, or fevers. Self-limited post-sphincterotomy bleeding observed during the procedure, without a drop in post-procedure hemoglobin, was not considered as an adverse event. All major and minor adverse events were grouped together into a binary (yes/no) variable for analysis. While most studies on the topic considered procedure-related mortality as one of their outcome variables, we considered all-cause in-patient mortality during the index hospitalization as our outcome.
Descriptive analysis was performed by medians and interquartile ranges (IQRs) for continuous variables, as they were not normally distributed. Pearson' s chi-squared, Fisher' s exact, and Mann-Whitney U-tests were used to compare predictors by age group. Multivariate logistic regression was used to adjust for covariates.
RESultS
A total of 1,389 patients, with a median age of 67 (IQR 52, 80) underwent primary ERCP at our center during the study period. The patients were predominantly female (59.4%, n=825) with a median CCI of 1.0 (IQR 0, 2). The most common indication was biliary stone disease accounting for 50.9% of the procedures, followed by tumors/abnormal imaging (32.1%) and cholangitis (17.0%). The overall procedural success rate was 89.4% with a median procedure time of 33 min (IQR 22:06, 50:27, n=1,116). Our overall adverse event rate was 7%, with a major adverse event rate of 2% (Table 1) . There were No procedure-related deaths; however all-cause in-patient mortality during the index hospitalization was 2.2%. As described in the Methods an arbitrary cutoff of CCI ≥2 was used to stratify the patients. Of the 1,389 patients, 28% (n=389) had a CCI ≥2. Patients with a CCI ≥2 had increased mortality (4 
001).
The most common indication in both groups was biliary stone disease; however, group 1 had a higher proportion of patients with cholangitis (24.3% vs. 16.6%), whereas group 2 had a higher proportion of patients undergoing the procedure as a result of abnormal imaging or tumors (33.1% vs. 14.9%) ( Table 1 ). There was a trend favoring increased sphincterotomies in group 1 (68.9% vs. 57.9%, p=0.062); however, there was no difference in the percentage of patients undergoing stent placement in the two groups (74.3% vs. 73.4%, p=0.867).
Both groups had an equal proportion of patients with a CCI ≥2 (29.7% vs. 27.9%, p=0.734). No significant difference was found in the composite adverse event rate between the two groups (7.1% vs. 4.1%, p=0.310). Group 1 had a significantly higher all-cause in-patient mortality of 12.2% compared to 1.6% in group 2 (p=<0.001).
Multivariate analysis
A multivariate model, taking into account emergency procedures, age, CCI ≥2, and indications, was created. For indications, biliary stone disease was considered as the reference constant. Logistic regression showed that age ≥90 was not associated with increased adverse events, however emergency procedures (adjusted odds ratio [ (Table 2) .
Patients in group 1 (nonagenarians) had significantly increased odds of in-patient mortality (AOR=9.5; 95% CI=4, 22.98; p≤0.001), adjusting for indications, CCI, and emergency procedures. CCI ≥2 was also an independent predictor of in-patient mortality (AOR=2.44; 95% CI=1.15, 5.2; p=0.021). 
dISCuSSIoN
As average life expectancy continues to increase worldwide, medical professionals are faced with an increasingly older population requiring invasive procedures. The care of geriatric patients is complicated by overall frailty, in addition to a host of comorbidities and polypharmacy as a result of these comorbid conditions. As discussed earlier, invasive procedures are frequently carried out on geriatric patients with limited population-specific safety data. Although multiple studies on the safety of ERCPs in octogenarians and nonagenarians have been published, the data available does not provide conclusive evidence due to small sample sizes and a Cell sizes are too small for analyses. Biliary stone disease was considered as the reference constant.
lack of control groups (Table 3) . [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Our study evaluated 1,389 patients undergoing ERCP at a single center over a period of 5 years. During this period, 74 patients (5.3%) were aged 90 years or older at the time of the procedure. We excluded patients undergoing ERCP for stent removal from our sample considering the different nature of the procedure. Although comorbidities were differently distributed between the two groups (Table 1) , they were comparable when weighted using the CCI. An arbitrary cutoff of CCI ≥2 was used to stratify the patients. Both groups had an equal proportion of patients with a CCI ≥2 (29.7% vs. 27.9%, p=0.734).
Biliary stones were the predominant indication for the procedure in both groups. Group 2 had an increased proportion of patients undergoing ERCP due to abnormal radiological findings and tumors compared to the older population, which had a higher proportion of patients with cholangitis. Although speculative, this finding may represent a tendency toward less aggressive care in elderly patients rather than a decreased incidence of tumors and abnormal radiological findings. There was no difference in the procedural success rates between the 2 groups.
We did not find any increase in the odds of adverse events in the patients aged ≥90 years when compared to younger patients on univariate and multivariate analyses. However, an increased odds of adverse events was noted with emergency procedures (AOR=2.45) and a CCI ≥2 (AOR=2.58). These findings were comparable to other studies reported in literature. Table 2 highlights the findings of identified studies evaluating the safety of ERCP in nonagenarian patients. Of the identified studies 5 had control groups. 10, 12, 13, 16, 17 These studies also failed to show any significant difference in the procedural success or composite adverse event rates in nonagenarian patients. Studies have shown a reduced incidence of post-ERCP pancreatitis in the elderly. 17, 18 Although we did see a trend toward reduced post-ERCP pancreatitis in nonagenarian patients, we were unable to analyze individual adverse events owing to the low rate of adverse events and small sample size (Table 1) .
Finkelmeier et al. noted that although the rate of procedure-related mortality was comparable between older (aged 80 years or older) and younger patients, the rate of sedation-related adverse events was higher in the older population. 18 Furthermore, Fisher et al. prospectively examined 130 sequential ERCP patients for post-procedure cardiopulmonary adverse events and found patients over the age of 65 to have an increased rate of new onset electrocardiogram changes and myocardial injury (as evidenced by a rise in cardiac troponins at 24 h post-procedure). 19 Most studies have reported no significant differences in procedure-related mortality rates between younger and older populations. We did not have any procedure-related deaths in our sample. From a patient stand-point, we considered all-cause in-patient mortality during the index admission as our primary outcome and found a significantly increased all-cause in-patient mortality in patients aged 90 years and Hui et al. reported a 30-day mortality in patients undergoing emergency ERCPs for cholangitis and did not find any significant difference between nonagenarians and the younger population (7.8% vs. 4.2%, p=0.227).
12 A meta-analysis conducted in 2014 found increased rates of bleeding (incidence rate ratio [IRR] 2.4), cardiopulmonary events (IRR 3.7), and death (IRR 3.8) in nonagenarian patientscompared to patients aged <65 years. 2 Although one can argue that the all-cause in-patient mortality was not directly attributable to the procedure itself but rather to the patients' pathology, we recommend that ERCPs be approached with caution in nonagenarian patients and those with a CCI ≥2.
lIMItAtIoNS
The analyses were limited by the small sample size, particularly as it obtained from one site. Considering the sample size and rarity of certain adverse events and outcomes, and demographic variability, we were unable to tease out many covariates. That being said, our sample size of patients aged 90 and above was among the largest studies of its type.
